INTRODUCTION
Sulphation is an important Phase II or conjugation reaction involved in the metabolism of drugs, xenobiotics and endogenous compounds [1] . Conjugation of a compound with a charged sulphonate moiety usually results in a decrease in the biological activity, and an increase in the aqueous solubility and excretion, of the compound. Sulphate conjugation of endogenous chemicals, such as thyroid hormones, steroids and monoamine neurotransmitters, is important in the biosynthesis, metabolism and modulation of the biological activity of these compounds [1] .
A superfamily of enzymes known as the sulphotransferases (SULTs) are responsible for the sulphation reaction. The SULT superfamily consists of two families : one family consists of the membrane-associated SULTs involved in the sulphation of glycosaminoglycans, glycoproteins and tyrosines in peptides and proteins [2] ; the second is the cytosolic family of SULTs, which are responsible for the conjugation of xenobiotics, drugs and small endogenous compounds, such as steroids and monoamine neurotransmitters. At least nine distinct isoforms of cytosolic SULT have been identified in human tissues. The SULT isoforms can be grouped into two families : (i) the phenol SULTs [P-PST-1 (SULT1A1), P-PST-2 (SULT1A2), M-PST (SULT1A3), EST (SULT1E1), ST1B2 (SULT1B2), ST1C1 (SULT1C1) and ST1C2 (SULT1C2)], and (ii) the hydroxysteroid SULTs [DHEA-ST (SULT2A1) and ST2B1a and ST2B1b (SULT2B1a and SULT2B1b)]. Although the SULT genes are most highly expressed in liver, the cytosolic SULTs are present in many extrahepatic tissues, including the small intestine, adrenal gland, kidney, skin, brain, blood platelets and nucleated blood cells.
Abbreviations used : SULT, sulphotransferase ; BR-STL, brain sulphotransferase-like ; hBR-STL-1, human BR-STL ; rBR-STL, rat BR-STL ; pfu, plaqueforming units ; poly(A) + , polyadenylated ; LB, Luria-Bertani ; PAPS, 3h-phosphoadenosine 5h-phosphosulphate ; RT, reverse transcriptase. 1 To whom correspondence should be addressed (e-mail Charles.Falany!CCC.UAB.EDU).
The sequences for the human and rat BR-STL cDNAs have been assigned the GenBank accession numbers AF188698 and AF188699 respectively.
regions showed that message levels were highest in cortical brain regions. rBR-STL message levels were relatively low in brains of 1-day-old male and female rats, but increased to adult levels in RNA from 7-day-old rats, and remained at that level in adult animals. The hBR-STL and rBR-STL cDNAs were expressed in both Escherichia coli and Sf 9 insect cells in the presence or absence of an N-terminal histidine-affinity tag (His-tag). Polyclonal antibodies were raised in chickens against purified His-tagged hBR-STL, and were used to detect the presence of rBR-STL in adult male and female rat brain cytosol.
The high degree of sequence conservation, and the selective localization of the BR-STL message in brain, suggest an important function in the central nervous system.
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Several of the SULTs have been identified in human brain tissues [3] [4] [5] , and the phenol SULTs have been immunolocalized in neurons in several different brain regions [6] .
In the present report, we describe the isolation and expression of a novel SULT-like (STL) cDNA from both human and rat brain cDNA libraries. These STL cDNA sequences were highly conserved at both the nucleotide and amino-acid levels. Comparison of the translated sequences of these cDNAs indicates that they are members of the SULT gene family. Analysis of the expression of the message for these cDNAs indicates that they are selectively expressed in brain tissue. Localization of these SULT-like proteins in brain tissue suggests that they may have a role in the sulphation of drugs and neurotransmitters in the central nervous system. 
EXPERIMENTAL Materials

Isolation of human and rat brain STL cDNAs (hBR-STL-1 and rBR-STL cDNAs respectively)
Initially, a SULT-related partial cDNA fragment was isolated from human pancreatic-islet RNA during an investigation of this tissue using differential display to identify transcripts enriched in human islet cells relative to pancreatic exocrine tissue [7] . A 312-bp DNA fragment was isolated during this process, and subcloned into pBluescript SK + . The fragment was $#P-labelled by the random priming technique using an Oligolabelling kit (Pharmacia, Piscataway, NJ, U.S.A.) to a specific radioactivity 1i10 −* c.p.m.\µg, and was used as a hybridization probe to screen 5i10& plaque-forming units (pfu) from a human insulinoma cDNA library cloned into λZAP II [8] . Hybridization was performed in 50 % (v\v) formamide, 80 mM Pipes, 2 % (w\v) SDS and 100 mg\ml denatured salmon sperm DNA at 42 mC for 16-20 h. Filters were washed in 0.5iSSC (where 1iSSC is 0.15 M NaCl\0.015 M sodium citrate) with 0.1 % (w\v) SDS at room temperature, then at 60 mC, and exposed to autoradiography film with an intensifying screen for approx. 48 h. Several plaques that showed hybridization signals on replica filters were purified by dilution and re-screening. The pBluescript sequence containing the unique sequence was excised from λZAP II for sequencing using an ABI 373A automated sequencer. Sequences were compared with the non-redundant nucleic acid and protein databases using BLASTN and BLASTX algorithms [9] . Two partial SULT-related cDNAs were isolated and sequenced.
No hybridization signal was obtained upon Northern-blot analysis of total RNA from human islet tissue or polyadenylated [poly(A) + ] RNA from total pancreas, suggesting that only low levels of BR-STL are transcribed in pancreatic endocrine cells. Because screening of a human islet-cell tumour library resulted in the isolation of cDNAs containing intronic sequences, it is plausible that these do not express functional full-length proteins. Full-length human STL cDNAs were isolated from a human brain SuperScript pCMV-Sport plasmid cDNA library using a partial pancreatic BR-STL cDNA as a probe. To screen the library, approx. 15 000 bacteria were spread on 150-mm LuriaBertani (LB) broth\ampicillin plates, and grown overnight at 30 mC. The bacteria were lifted on to nitrocellulose filters, denatured, neutralized, and plasmid DNA was then covalently bound to the filters using a Bio-Rad Gene Linker apparatus. The filters were probed with [$#P]dCTP (3000 Ci\mM) pancreatic STL cDNA at a concentration of 500 000 c.p.m.\ml, and were incubated overnight at 65 mC. The filters were then washed at 65 mC twice with 2iSSC\0.1 % (w\v) SDS for 15 min, and once with 2iSSC for 15 min. The filters were then dried and exposed to autoradiography film with an intensifying screen overnight at k70 mC. Colonies that were positive on replicate filters were purified by repeated cycles of dilution and re-screening until single colonies could be isolated. This procedure resulted in the isolation of three pure bacterial clones from the screening of approx. 100 000 bacteria of the cDNA library.
The rBR-STL cDNA was isolated from a rat brain λUni-ZAP XR cDNA library by a phage library screening procedure, using the hBR-STL cDNA as a probe [10] . Escherichia coli XL-1 Blue MRFh cells were grown overnight at 30 mC in LB broth supplemented with 0.2 % (v\v) maltose and 10 mM MgSO %.
The cells were infected with aliquots of the rat brain cDNA library, plated at approx. 30 000 pfu\150-mm Petri plate, and incubated overnight at 37 mC. The phage were transferred to nitrocellulose filters and screened with $#P-labelled hBR-STL cDNA, essentially as described above. The cDNAs were recovered in pBluescript plasmids using ExAssist helper phage following the manufacturer's instructions (Stratagene).
The STL cDNAs were sequenced using a Thermo Sequenase cycle sequencing kit and adenosine 5h-[α-[$&S]thio]triphosphate to label the newly synthesized strands. The $&S-labelled products were resolved on 6 % polyacrylamide\urea gels using a buffer gradient of 0.5i to 2.5iTris\borate\EDTA (TBE ; where 1iTBE is 45 mM Tris\borate\1 mM EDTA). The complete cDNA sequences were obtained by subcloning restriction fragments into pBluescript for sequencing with T3 and T7 primers, or by sequencing short fragments generated by Sau3A or HaeIII digestion and subcloned into pBluescript. Synthetic oligonucleotide primers synthesized to internal sequences of the cDNAs were also used to sequence specific regions. Sequence gels were read manually and analysed using MacVector sequenceanalysis software.
Baculovirus expression of hBR-STL and rBR-STL cDNAs
The hBR-STL and rBR-STL cDNAs were expressed in insect cells using the BAC-to-BAC Baculovirus Expression System. hBR-STL cDNA was expressed in either the presence or absence of an N-terminal histidine-affinity tag using the pFASTBAC1 and pFASTBACHTB vectors respectively. rBR-STL was expressed as native protein using the pFASTBAC1 vector.
To insert the hBR-STL cDNA into pFASTBAC1 or pFASTBACHTB, PCR was used to generate a BamHI restriction enzyme site immediately upstream of the initial ATG codon of the cDNA to facilitate subcloning. The sense primer (5h-GCG-GATCCATGGCGGAGAGCGA-3h) contained the BamHI site (the initial ATG codon is underlined). The antisense primer corresponded to nt 2179-2157 of the hBR-STL cDNA, and the position of the primer was 3h of a unique HindIII restriction site (2020-2025) in the 3h non-translated region of the hBR-STL cDNA. The hBR-STL cDNA was amplified using Elongase, digested with BamHI and HindIII, isolated from an agarose gel after electrophoresis by using a QIAquick Gel Extraction kit, and then ligated into pFASTBAC1, which was digested beforehand with BamHI and HindIII. E. coli DH5α competent cells were transformed with the pFASTBAC1-hBR-STL plasmid, and selected for ampicillin resistance. Plasmid DNA was prepared from individual colonies, and the different pFASTBAC-hBR-STL plasmids were confirmed by sequencing. Competent E. coli DH10 were then transformed with the pFASTBAC-hBA-STL plasmids, and cells were selected for kanamycin, gentamicin and tetracycline resistance. Bacmid DNA was isolated as described by Life Technologies. The presence of the hBR-STL sequence in the Bacmid DNA was confirmed by PCR using a PUC\M13 primer pair (forward primer, 5h-CCCAGTCACGACGTTGTA-AAACG-3h ; reverse primer, 5h-AGCGGATAACAATTTCAC-ACAGG-3h). Sf 9 insect cells were cultured and transfected with recombinant Bacmid DNA as described by Life Technologies. Recombinant baculovirus was harvested and used for the in-
Figure 1 Nucleotide sequence and translation of hBR-STL-1
The stop codon is indicated by asterisks.
fection of fresh cultures of Sf9 cells. Cytosol was prepared from Sf 9 cells expressing either hBR-STL or 6ihistidine-tagged (6iHis-tagged) hBR-STL. The 6iHis-tagged hBR-STL was purified further by Ni# + -affinity chromatography [11] . The rBR-STL cDNA was expressed in Sf9 cells using the pFASTBAC-1 vector in a similar manner.
Northern-blot analysis
Total RNA was prepared from fresh or frozen rat tissues using STAT-60. RNA was prepared from whole frozen brains of male and female Sprague-Dawley rats, which were purchased from Harlan Bioproducts. Brains were obtained from rats at the ages of 1 day, 21 days, 8 weeks and 4 months. RNA was also isolated from adult Sprague-Dawley rat tissues at the time of killing. Northern-blot analysis using $#P-labelled rBR-STL cDNA as a probe was performed as described previously [11] . Total RNA (20 µg) from the different tissues was resolved in a 1 % (v\v) formaldehyde\agarose gel and then transferred to a nylon membrane. Quantification of the RNA for the rat tissue Northern blots was performed by agarose-gel electrophoresis and densitometric scanning of the 28 S ribosomal RNA band. The levels of 28 S RNA in the samples were compared with known amounts of 28 S rRNA standard, and equivalent amounts of RNA were loaded. Transfer of the RNA was monitored by UV shadowing to ensure that the majority of the RNA was transferred to the nylon membrane. The sequences used in the comparison were hST1B2 [10] , hP-PST-1 [25] , hMPST [26] , hDHEA-ST [21] and hEST [16] . The amino acid sequences of the SULTs were aligned using the MacVector Sequence analysis software. The initial methionine residue of the hST1B2 sequence is denoted as the first amino acid. Short gaps, represented by dashes, were inserted into the sequence comparisons to optimize the alignments. Dots represent amino acids identical with those of hBR-STL. Asterisks indicate the stop codons. 0.1 % SDS at 60 mC. Autoradiography was performed at k70 mC with an intensifying screen.
Immunoblot analysis
Several attempts to raise polyclonal antibodies against purified His-tagged hBR-STL in rabbits were unsuccessful. Therefore polyclonal antibodies were raised against pure His-tagged hBR-STL in chickens, and polyclonal IgY antibodies were purified by Ni# + -affinity chromatography (Lampire Biologicals, Pipersville, PA, U.S.A.). To raise an anti-(BR-STL) antibody, His-tagged hBR-STL protein obtained following the Ni# + -affinity procedure was purified further by SDS\PAGE and electroelution of the His-tagged hBR-STL protein from gel slices using a Protean II electroelution system, as described by Wang et al. [11] . For immunoblot analysis, adult rat brain cytosolic proteins were resolved by SDS\PAGE in a 10 % polyacrylamide gel and electrotransferred on to nitrocellulose paper. The chicken anti-(hBR-STL) sera was diluted 1 : 2500 and incubated with the nitrocellulose filter for 1 h. Rabbit anti-chicken IgY peroxidase conjugate (Promega) was used as a secondary antibody, and immunoconjugates were revealed by chemiluminescence using a Luminol chemiluminescence substrate kit.
RESULTS
Isolation and characterization of hBR-STL cDNA
The original hBR-STL cDNA sequences were isolated from human pancreatic islet RNA during differential display to identify transcripts enriched in human islet cells relative to pancreatic exocrine tissue [7] . Alignment of these partial sequences to known human SULT sequences suggested that these were STL proteins. Northern-blot analysis of RNA isolated from various human tissues indicated that the message for this STL was highly expressed in brain tissue, although no message was detectable in pancreatic tissue (results not shown). These BR-STL partial cDNAs isolated from the pancreatic library were ultimately shown to possess unspliced intronic sequence. The pancreatic STL cDNA was used to screen a human brain SuperScript pCMV-Sport plasmid cDNA library under high-stringency conditions. Three positive clones were isolated following the screening of approx. 100 000 separate bacterial colonies. Figure  1 shows the nucleotide sequence and translation of hBR-STL-1, the longest of the three cDNAs. The hBR-STL-1 cDNA contains an 852-nt open reading frame encoding a 284-amino-acid protein with a calculated molecular mass of 33083 Da. The other two cDNAs were truncated forms of hBR-STL-1, which possessed 
Figure 4 Comparison of the RT-PCR product generated from human liver RNA using hBR-STL-1-specific primers
A primer pair specific for the amplification of hBR-STL was used to generate the hBR-STL product using human liver RNA as a template. The RNA was prepared from the liver of a 14-year-old white female using STAT-60. The only RT-PCR product generated from the liver RNA was isolated, subcloned into pCR2.1, and sequenced. The amino acid sequences of the SULTs were aligned using the MacVector Sequence analysis software. A gap, represented by dashes, was inserted into the sequence comparison to optimize the alignment. The sequences of the PCR primers are shown underlined.
nucleotide sequences identical with hBR-STL-1. Compared with the nucleotide sequence, these cDNAs encoded bases 594-1006 and 214-993. Figure 2 shows the alignment of the amino acid sequence of hBR-STL-1 with the sequences of five other human cytosolic SULTs. hBR-STL-1 is 49 %, 54%, 51% and 53 % similar to, and 30 %, 34%, 34%, 33% and 36 % identical with, the sequences of human DHEA-ST, EST, P-PST-1, ST1B2 and M-PST respectively. The translated product of the hBR-STL-1 transcript also contains several sequences that are conserved in many SULTs [12] . These include the 5h TYPKSGT sequence (residues 52-58) involved with 3h-phosphoadenosine 5h-phosphosulphate (PAPS) binding, the putative active-site histidine residue (residue 111), the internal ' YGSWXXH ' motif (residues 172-178 ; ' X ' denotes ' any other residue ') and 3h GXXWKXXFTV, reported to also be involved with PAPS binding [13, 14] . Figure 3 shows the Northern-blot analysis of the expression of hBR-STL message in several human tissues. The original cloning of an hBR-STL cDNA was carried out from human pancreatic RNA ; however, no message was detectable in poly(A) + RNA
Northern-blot analysis of RNA from human tissues
Figure 5 Localization of hBR-STL expression in human brain was investigated by Northern-blot analysis of poly(A) + RNA isolated from eight different brain regions
A commercial multiple tissue RNA blot (Clontech) containing RNA isolated from eight different human brain regions was probed with 32 P-labelled hBR-STL cDNA. Each lane of the blots contained approx. 2 µg of poly A + RNA.
isolated from that tissue. hBR-STL message was readily detectable in poly(A) + RNA isolated from human brain, but not from heart, placenta, lung, liver, skeletal muscle, kidney or pancreas. Although hBR-STL message could not be detected in Northern-blot analyses of pancreas or liver poly(A) + RNA, reverse transcriptase (RT)-PCR of liver RNA with hBR-STLspecific primers generated only one product that was 126 bp longer than the PCR product obtained with the hBR-STL cDNA as a template. Figure 4 shows that the RT-PCR product generated from human liver RNA was identical with the sequence of the brain cDNA, except that it contains a 126-bp insert located at the same position as intron 7 of several human SULT genes [12] . Several in-frame termination codons are present in the putative intronic sequence. Subsequent analysis of several human pancreatic cell lines (CFPAC-1, PANC-1 and CAPAN-1) by RT-PCR also detected only amplification products with the additional 126-bp sequence located at the site of intron 7 (results not shown). These results suggest that BR-STL message may be expressed in several tissues ; however, in some tissues the mRNA might not be properly processed to generate the appropriate message that can be transcribed. Furthermore, it is possible that BR-STL message is selectively expressed in islet cells, which contribute only a small fraction of the poly(A) + RNA isolated from pancreas.
hBR-STL expression in human brain was investigated by Northern-blot analysis of poly(A) + RNA isolated from eight different brain regions ( Figure 5 ). The expression of hBR-STL message was highest in the cerebral cortex and frontal lobe, and slightly less in the cerebellum, occipital lobe and temporal lobe. Levels of hBR-STL message were relatively low in the medulla and putamen, and lowest in the spinal cord.
Isolation of the rat BR-STL cDNA
The rBR-STL cDNA was isolated from a rat brain λZAP cDNA library using the coding region of hBR-STL as a probe. Seven
Figure 6 Comparison of the translation products of hBR-STL-1 and rBR-STL-1
The amino acid sequences of the SULTs were aligned using the MacVector Sequence analysis software. The initial methionine residue of both sequences is denoted as the first amino acid. Asterisks indicate the stop codons.
Figure 7 Immunoblot analysis of male and female rat brain cytosol with chicken anti-(rBR-STL) IgY antibodies
Cytosol was prepared from the whole brains of adult male and female Sprague-Dawley rats (Harlan). Cytosolic protein was resolved in an SDS/10 % polyacrylamide gel and electrotransferred on to a nitrocellulose membrane. The primary antibody used was chicken anti-(hBR-STL) IgY (1 : 2500 dilution), and the secondary antibody was a rabbit anti-chicken IgY peroxidase conjugate. Lane 1 contained cytosol (2 µg) from Sf9 insect cells expressing rBR-STL ; lanes 2 and 3 contain cytosol (200 µg) from male and female rat brains respectively. Molecular mass markers for reference are shown on the left (K l kDa).
cDNAs were ultimately obtained from screening of approx. 200 000 phage in the rat brain library. The longest cDNA, rBR-STL-1, was 2231 bp in length, possessed a 32-bp 5h-non-translated region, an 852-bp open reading frame encoding a 284-aminoacid protein, and a 1326-bp 3h-non-translated region followed by a poly(A) + tail. The other rBR-STL cDNAs ranged from 2183 to 273 bp in length. The 2183-bp cDNA was identical in nucleotide sequence with hBR-STL-1, except that it was 49 nucleotides shorter at the 5h-end. Figure 6 shows the comparison of the translation products of hBR-STL-1 and rBR-STL-1. The open reading frames of both hBR-STL and rBR-STL cDNAs encode 284-amino-acid proteins with sequences that are 98 % identical and 99 % similar. The nucleotide sequences are 91 % identical in the coding regions of the human and rat BR-STL cDNAs.
Immunoblot analysis of rBR-STL in rat brain
hBR-STL was expressed in Sf9 insect cells using the FastBacHTB vector, which incorporates six histidine residues at the N-terminal end of the protein. His-tagged hBR-STL protein was purified by Ni# + -affinity chromatography and electroelution for use as an antigen, and as a standard in the immunoblotting procedures. Initial attempts to raise polyclonal antibodies in rabbits using procedures that were effective for other cytosolic SULTs [11, [15] [16] [17] were unsuccessful. Also attempts to raise rabbit antibodies to hBR-STL by commercial laboratories were unsuccessful. Therefore polyclonal IgY antibodies were raised against pure His-tagged hBR-STL in chickens. Figure 7 shows that the chicken anti-(hBR-STL) IgY antibodies react with a protein in whole-brain cytosol prepared from adult male and female rats, which co-migrates with expressed rBR-STL. The chicken anti-(hBR-STL) IgY antibodies do not react with bacterially expressed P-PST1, M-PST, EST, ST1B2 or DHEA-ST (results not shown). This result demonstrates that the rBR-STL protein is expressed in rat brain.
Northern-blot analysis of the expression of rBR-STL
For comparison with the tissue expression of the hBR-STL message, Northern-blot analysis of total RNA (5 µg) from eight female rat tissues was performed using the rBR-STL cDNA as a probe. rBR-STL expression was readily detected in RNA from whole rat brain, but not in RNA isolated from liver, kidney, spleen, heart, lung, small intestine or testis (Figure 8) .
The developmental expression of rBR-STL message in rats was investigated to determine whether levels of rBR-STL message in male and female Sprague-Dawley rats varied with age. Figure  9 shows that relatively low levels of rBR-STL message were detectable in total RNA from 1-day-old male and female rat brains. Message levels in whole rat brain increased significantly in both sexes by 21 days of age, and remained high in 2-and 4-month-old rats. rBR-STL message levels increase significantly shortly after birth in both male and female rats. No obvious differences were observed in message levels between the sexes.
DISCUSSION
This study describes the isolation, expression and characterization of the cDNAs for a novel form of cytosolic protein in human and rat brain, which is structurally related to the cytosolic SULTs. These proteins have tentatively been termed hBR-STL and rBR-STL, because of their similarity to the SULT gene family. This identification has not been confirmed by the demonstration of sulphation activity with the expressed BR-STL proteins. The BR-STL cDNAs isolated from both rat and human brain cDNA libraries have been expressed in both E. coli and Sf9 insect cells, which in our laboratory have been used previously to generate enzymically active SULTs [11, 16, 17] . Approximately 20 prototypical SULT substrates have been tested as substrates with the expressed BR-STLs ; however, sulphation activity has not been detected with any of these substrates. The possibility exists that the BR-STL enzymes may have a very selective substrate reactivity, or that the functional enzymes may be active as part of a multi-enzyme complex.
The lack of detectable sulphation activity by either of the expressed BR-STLs has limited the characterization of these proteins. Identification of the BR-STLs as members of the SULT family is on the basis of sequence similarities. Both the rBR-STL and hBR-STL amino acid sequences possess the conserved Ploop structural motif (5h-TYPKSGT), which is proposed to interact with the 5h-phosphate of PAPS in the active site of the SULTs [14] . Both BR-STLs also contain the histidine residue hypothesized to act as a base in the active site of the SULT gene family [14] . An important difference in the BR-STLs from the mammalian SULTs is in a conserved site at the 3h-end of the sequence (246-254 of BR-STL), proposed to be involved in interaction with the 3h-phosphate group of PAPS [13, 14] . The BR-STLs have an arginine, rather than a lysine, residue immediately preceding the GXXWKXXFTV motif, which is conserved among the other human SULTs [18] . The BR-STLs also have a 13-amino-acid gap in their alignment with the other human SULT primary protein structures, which occurs several amino acids before this conserved motif (Figure 2 ). Although the BR-STLs are apparently members of the SULT gene family, differences in the C-terminal ends of the BR-STL proteins as compared with other human cytosolic SULTs might have important effects on PAPS binding and substrate specificity.
An interesting feature of the BR-STLs is the high degree of sequence homology shared between the rat and human proteins. Six amino-acid differences were observed between these sequences, and three of these were conserved substitutions. This is the highest sequence similarity observed between two SULTs, or, in this case, SULT-like proteins, from different species. The inability to raise an antibody in rabbits with the pure expressed hBR-STL protein also suggests a high degree of similarity of the rabbit protein to the rat and human proteins. The SULT gene family in general shows approx. 70-75 % sequence similarity among orthologous enzymes in different species. The high degree of sequence similarity suggests a conserved function among species.
Tissue-specific expression of members of the SULT gene family is important in understanding their biological and physiological properties [1] . Several SULTs have been identified in human brain [3, 5, 6] ; however, these SULTs are also found at high levels in other tissues. The phenol SULTs, P-PST-1 (ST1A1) and M-PST (ST1A3), which have been localized in brain [4, 6] , are also expressed in the liver and\or intestine at high levels. Hydroxysteroid SULTs identified in rat brain [19, 20] are also expressed in liver [21, 22] . The functions of the SULTs in brain are poorly understood, although sulphation and inactivation of monoamine neurotransmitters and enkephalins have been proposed as potential roles for the phenol SULTs. The hydroxysteroid SULTs might be involved in regulating the activity of neurosteroids in both the central and peripheral nervous systems [23, 24] . The selective expression of high levels of the BR-STLs in brain tissue, and the high degree of sequence conservation between humans and rats, suggests an important role for these proteins in the central nervous system.
The BR-STLs represent a group of proteins that are related to the SULT family, the genes of which exhibit a high level of expression in the cortical regions of the brain. The rat and human orthologues possess a much greater sequence homology than that observed with other SULTs. The physiological role of this family of SULTs is not known ; however, these SULTs are unlikely to be involved primarily in drug or xenobiotic sulphation, but more likely will be shown to have a physiological function in the brain. The physiological functions of the cytosolic SULTs are not as extensively studied as their roles in bioactivation or xenobiotic conjugation. Therefore the selective localization of BR-STL gene expression, and the high level of sequence conservation among species, suggests an important conserved function.
